Table 1. Calculated analyses of Diets 18 and R14 Summary The growth and reproductive performance of rabbits reared on diet 18 and transferred to diet R14 (low protein/energy ratio) for (a) 3-4 weeks prior to mating or (b) 4 weeks prior to mating and throughout pregnancy were examined. Observations are presented on bodyweights, size and colour of the vulva and mating behaviour, pregnancy rate, and neonatal mortality. No significant differences were noted in comparison with 'controls' receiving Diet 18. Crude oil (%) Crude protein (%) Crude fibre (%) Calcium (as Cal (%) Phosphorus (as P) (%) Salt (as NaCl) (%) Metabolizable energy/Kg R14
Summary
The growth and reproductive performance of rabbits reared on diet 18 and transferred to diet R14 (low protein/energy ratio) for (a) 3-4 weeks prior to mating or (b) 4 weeks prior to mating and throughout pregnancy were examined. Observations are presented on bodyweights, size and colour of the vulva and mating behaviour, pregnancy rate, and neonatal mortality. No significant differences were noted in comparison with 'controls' receiving Diet 18.
Crude oil (%) Crude protein (%) Crude fibre (%) Calcium (as Cal (%) Phosphorus (as P) (%) Salt (as NaCl) ( According to Merkusin (1966) very little information is available concerning the protein requirements of breeding rabbits. Recommended levels for pregnant animals vary from I7 -18% (Lebas & Colin, 1973) to 15%, 'assuming that the protein used is of adequate quality to meet amino acid requirements' (NRC, 1977) . Similarly, it appears that the energy requirements for various productive functions, e.g. growth, gestation, lactation, have received scant attention (NRC, 1977) . Lebas (1975) recorded good reproductive performance of does fed diets containing 10,47-12,14 MJ Digestible Energy (DE) per kg of diet. The daily metabolizable energy requirements of an adult rabbit of 3 kg has been estimated at 837 kJ (Axelson & Erikson, 1953) .
The present requirements were undertaken in order to examine the reproductive performance of female rabbits given a diet containing less than the recommended level of protein. The selected diet, R 14, which is commercially available, was designed for stock maintenance. Two series of experiments were carried out; in the first the low protein diet was used. for only a limited period prior to mating, whereas In the second some animals continued to receive the diet throughout pregnancy.
Materials and methods
A total of 125 virgin strain A does from our own closed colonies was used. They were reared on Diet 18 (E. Dixon & Sons, Ware, Ltd), an analysis of which appears in Table 1 . Fresh water was supplied daily. From about 4 months of age the animals were caged individually, mostly in metal Received 1 March 1983 . Accepted 25 May 1983 cages fitted with hoppers and water bottles as depicted elsewhere (Adams, 1976) . About' 10 days before term, those does which had occupied metal cages were transferred to wooden hutches with barley straw bedding. The feed, approximately 150 g, was placed in heavy metal bowls. From September to April, 14 h artificial light was supplied between 0600 and 2000 h.
Experiment 1 50 rabbits born mid-May and 18 born at the end of June were used. On 22 December, half of these rabbits were transferred to diet R14 (Labsure Animal Foods, Agrarian House, Poole, Dorset); see Table 1 for analysis. One rabbit, the only one, which refused to eat diet 14 was returned to diet 18.
Live weights were recorded at the start of the experiment and thereafter every 7 days for either 3 (13 January) or 4 (19 January) weeks. At the same time the vulva of each rabbit was examined and scored for size and colour, according to one of two scales, ranging from 1-5 and 1-3 (I = pink; 2 = red; 3 = purple) respectively. On 13 January 44 does, including 23 on diet 18 and 21 on diet R14, and on 19 January the remaining 24 does, including 12 on diet 18 and 12 on diet R 14, were placed with fertile males and, if receptive, allowed to mate once. Does which refused to mate, usually after being tried with 2 or 3 males were artificially inseminated with approximatel; 50 x 10 6 spermatozoa, as described elsewhere (Adams, 1981) . Ovulation was induced by the intravenous injection of 35 i.u. human chorionic gonadotrophin (Gonadotrophon:
Paines & Byrne Ltd, Greenford, Middlesex). The day after mating or artificial insemination the 33 does, which had been receiving diet R 14, were returned to diet 18.
All does were palpated on Day 10 to diagnose pregnancy and from Day 30 onwards inspections were made twice daily for signs of parturition. Litter sizes were recorded and the young were sexed shortly after birth. Any does which had not littered by Day 33 were treated with oxytocin (Syntocinon: Sandoz Ltd Feltham Middlesex) to induce parturition.
' ,
Experiment 2
A total of 57 rabbits, all of which had been reared on Diet 18, was allocated to this experiment, including 15 (Group A) born on 22 November and 42 (Group B) born in mid-February. Group A does were kept in wooden hutches with straw bedding throughout whilst the remainder were kept in metal cages up to Day 20 of pregnancy. The experiment was started on 21 September, when 27 of the rabbits (6 Group A and 21 Group B) were transferred to diet R14. In the case of the 12 rabbits which continued to occupy wooden cages, each received c. ISO g feed in bowls daily, whilst the others were fed a similar amount from hoppers.
On 19 October all 57 does were tested for mating; the same procedure being followed as in Experiment I. Of the 46 does which mated II which had been receiving diet 18, were transferred to diet R 14, whilst 11 of those receiving diet R 14 were transferred to diet 18. The 11 does which refused to mate were artificially inseminated. Subsequently, 4 of these does which were diagnosed not pregnant, were examined by laparotomy on Day 12 to permit inspection of the ovaries for the presence of corpora lutea.
Bodyweights were recorded on 21 September and thereafter every 7th day until 19 October (mating = Day 0), then every 5th day up to Day 30, and finally shortly after parturition. At parturition the same observations were made as in Experiment 1 and, additionally, dead young were examined to determine whether they were stillborn; cannibalism was noted whenever it occurred. The number of female young surviving (males were not kept) was recorded within 48 h of birth and again at 7 and 14 days of age.
Results Experiment 1 Bodyweights.
The bo'dyweights of the does receiving diets RI4 and 18 are presented in Table 2 . Both groups of does gained weight throughout the experimental period, during which no significant differences existed at any stage.
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Size and colour of the vulva. Observations on the size and colour of the vulva are also shown in Table 2 ; only minor variations occurred from week to week and no significant differences were noted relative to diet. However, with one exception, the mean values were slightly higher among does receiving diet R 14.
Of the 44 does tested for mating on 13 January, 29 (66%) mated whilst 15 refused, No significant differences in either the colour or size of the vulva existed between does on the 2 diets or relative to oestrous behaviour, though it is noteworthy that slightly higher mean values were returned by the non-receptive group, as shown in Table 3 .
Reproductive
performance.
Observations on the does' reproductive performance, including proportion mating, pregnancy rate, litter size and sex ratio, are summarized in Table 4 . Altogether 76% (25/33) and 69% ('24/35) of does on diets RI4 and 18, repsecitvely, mated. The pregnancy rate (Day 10) was somewhat higher in does receiving Diet 18 (92%) compared with those on diet R14 (80%) and also in mated compared with inseminated does, viz. 86% v 74%. Only one doe failed to maintain pregnancy to term. Mean litter sizes were not significantly different. The sex ratios of the new born young varied from 106 to 123 males per 100 females, which is within the normal range for small samples.
Experiment 2
The bodyweights of 54 does during the 28 days prior to mating· and of the 41 naturally mated does which maintained pregnancy to term are presented in Tables 5 and 6 , respectively. Initially, Group B does, which were younger and about 300-400 g lighter than those in Group A, showed greater weight gains than those in Group A so that by the 28th day the mean weights were not significantly different. The mean weight gain during pregnancy (Days 0-30) was of the order of 300-· 400 g irrespective of the dietary regime, and weights postpartum were similar to those on Day O.
Reproductive performance.
23/27 (85%) and 23/30 (77%) of does receiving diets R 14 and 18 mated and 21/23 (91 %) and 20/23 (87%) respectively, were pregnant on Day 10. Of the 11 inseminated does 5 (2/4 on diet Rl4 and 3/7 on diet 18) became pregnant and maintained pregnancy to term. In 4 of the non-pregnat does, 5-15 active corpora lutea were present on Day 12. The mean litter sizes were similar in the 4 treatment groups (see Table 7 ).
Neonatal mortality. Table 8 shows an analysis of neonatal mortality relative to the length of gesta- 18-13 12 11(92) 11 7·45 ± 0·83 (3-12) 18-R14 11 9(82) 9 7-67 ± 0·85 (2-10) R14-18 11 11(100) 11 8·73 ± 0-43 (6-11) R14-R14 12 10(83) 10 7·80 ± 0·61 (5-10) tion in 47 litters. The majority of gestations (37/47) lasted 31 or 32 days. Two parturitions were split, with part of the litter not being delivered until about 24 h after the onset. Gestations of 33 or 34 days duration were associated with much reduced litter sizes and a greatly increased incidence of litters (5/6) containing dead young compared with shorter gestations (3/41 litters). Altogether 19 young (5 ·2%) were found dead, including IS (79%) stillborn; 3 young showed signs of cannibalism. Further observations on neonatal mortality are presented in Table 9 . Altogether 24/171 (14%) young died during the first week, including 9 (5 ·3%) within 48 h of birth but no further losses occurred up to Day 14. Within the 4 groups mortality ranged from 7% (2/29) to 23% (8/35).
Discussion
The present experiments show that, for limited periods at least, sexually mature rabbits can grow and reproduce satisfactorily on a diet containing less than the recommended level of protein. Perusal of the literature does, in fact, reveal that recommendations for protein requirements are based on quite limited information (NRC, 1977) .
Moreover, the inconvenience involved in supplying various diets for different classes of stock has often led to the adoption of a single diet that would meet the heaviest demand, i.e. lactation for which 17% protein is commonly recommended (lCLA, 1975) . Further work is needed to evaluate the longer term use of diets containing as little as 13'5% protein.
The appearance of the vulva is still commonly used as a guide for selecting does for mating in spite of Hammond's (1925) observations on this subject: 'There are absolutely no certain signs of an animal being on heat, except as determined by her behaviour with the buck. The appearance of the vulva of rabbits on heat is often purple but it may be pale; also it is often purple when the does refuse to copulate so that its appearance is no guide as to the desire to copulate.'
Present observations amply confirm that the appearance of the vulva does not provide a reliable guide to mating behaviour. In fact, no overall differences were detected between receptive and non-receptive does either in the size or colour of the vulva. However, of considerable interest is the fact that non-receptive females could be induced to ovulate by treatment with HCG, thereby These observations also point to the refusal to mate having a behavioural background.
Presently, there are no means of overcoming this problem, though it is recognized that such factors as the use of different males, repeating mating trials at a different time of day etc, can modify a doe's behaviour.
Following artificial insemination does which refused to mate returned only a 10-25% lower conception rate (Day 10) than those which mated naturally.
Therefore, for practical purposes it is possible to artificially inseminate groups of does without recourse to testing their behaviour with a male, and yet obtain highly satisfactory conception rates. This system should be particularly attractive for larger scale, commercial enterprises.
